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Abstract 
The microstructure and failure mechanisms of grounding pad applied on high-speed train were analyzed by using 
scanning electron microscopy (SEM) with electron dispersion spectrums analysis (EDS) and X-Ray diffraction 
(XRD). The results show that the grounding pad of high-speed train was a kind of C/Cu powder metallurgy material, 
and there was Sn element in it besides C and Cu elements. The surface of the grounding pad was oxidized during the 
process of friction and new phase of CuO observed. The failure mechanisms of the grounding pad of high-speed train 
were abrasive wear and surface fatigue. 
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1. Introduction 
With the advantages of high speed and transport capacity, the high-speed train has been applied in the 
world, resulting in more safety and technology for key components. The grounding pad of high-speed 
train is a good example. The one hand, the device requires a good electrical conductivity and thermal 
conductivity, but also has good anti-wear resistance [1, 2]. The performance of grounding pad will 
directly affects the train traffic safety. In this paper, failure mechanisms of grounding pad are investigated 
based on experimental observations. The microstructure, composition and worn surface of the ground pad 
were examined.
2. Experimental 
    The grounding pad used in this investigation was obtained from the high-speed train applied in China. 
The worn surface specimens were made by using wire cutting under the worn surface 5mm. The 
metallographic samples were made perpendicular to the worn surface with 15mm in length and 9mm 
thick, and then mounted specimens by phenolic resin. The worn surface, subsurface and matrix were 
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examined by using scanning electron microscope (SEM), energy dispersive spectrometer (EDS) and X-
ray diffraction (XRD). 
3. Results 
    The metallographic microstructure of the ground pad is given in Fig.3. Two distinct zones can easily be 
identified on the photos: gray area and black area (Fig. 3a). Since the material of grounding pad is Cu/C 
powder metallurgy materials, the gray area is Cu element and the black area is C element analyzed by 
EDS, and the C element exists as the lamellar graphite. Graphite is adopted in several technological fields 
for sliding contacts, because of its lamellar structure and its anisotropic properties which induce a good 
friction behavior [3]. The interface between the Cu and graphite shows good bonding, and the content of 
graphite is about 40 vol. % (Fig. 3b).  Besides Cu and C elements, there is small amount of Sn element in 
the grounding pad. Tin is a kind of low melting point metal and as lubricant in powder metallurgy 
materials.  
(a)                                                                          (b)  
Fig.1 Microstructure of the grounding pad: (a) Microstructure; (b) Enlarged photo 
    The morphologies of worn surfaces of after running in high-speed train are shown as Fig.2. It can be 
seen that some wear grooves along the direction of sliding and discontinuous friction layers existing on 
the worn surface (Fig. 2a). Enlarged photo of the white frame area shown as Fig. 2b. The friction layer 
exists on the worn surface, and actually it is a low-density debris accumulation layer. The EDS analysis of 
the debris accumulation layer is given in Fig.3. It is easy to see that the compositions of the friction layer 
are mainly Fe, Cu and O element, etc. It indicates that material transition and oxidation occurred in the 
running of the grounding pad. Wear debris plays a significant role in the friction and wear processes 
which occur at sliding contacts [4]. There three kinds of existing states for wear debris in the process of 
sliding: The one kind is that debris removes from the friction interface to form large flake debris, and this 
similar effect of blowing-off wear particles from the rubbing surfaces on wear has also been observed by 
Leheup and Pendlebury [5], except debris removed from the friction interface, other particles remain 
within the rubbing interface, involving in the development of compacted layers (Fig. 2b). After the 
compacted layers generation, the particles undergo further deformation, fragmentation and comminuting 
and are broken into smaller particles. In these progresses, the mix and oxidation of particles from both 
tribo-couples occur as that of Fig.3. A fraction of the particles may finally be removed from the wear 
track, while other particles may be agglomerated somewhere on the wear surfaces and involved in the 
progress of friction. In Fig.2c, some peeling areas are observed as which the arrow indicates. As the 
grounding pads are applied under high-speed and with current conditions, the heats of the interface are 
produced in three aspects. The one is friction heat due to high-speed dry sliding, the other is resistance 
heat from current, and the third is arc heat due to local area arc. Meanwhile, the uneven distribution of the 
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microstructure of the grounding pad and rough surface result in the uneven distribution of temperature on 
the friction surface, and the temperature in some areas reaches or exceeds the melting point of the 
materials. The melting traces along the direction of friction can be seen in Fig.2d. 
(a)                                                                         (b) 
(c)                                                                         (d) 
Fig.2 SEM micrographs of the worn surface after friction: (a) Worn surface; (b) Friction layer; (c) Peeling area; (d) 
Melting traces 
Fig.3 EDS spectrums of friction layer in Fig.2b 
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    The different positions of subsurface along the friction direction are observed to further study the wear 
mechanisms of the grounding pad. In Fig.4 a-c, it can be seen that the wears of the grounding pad are 
mainly caused by the initiating and expanding of the cracks in the subsurface. The existing forms of crack 
are mainly as followings: the cracks between the graphite and the copper matrix (Fig.4a), in the process of 
the friction and wear, the surface of grounding pad endures continue tangential friction force. The 
capacity of deformation and heat transfer between the graphite and copper is different, resulting in 
concentration of mechanical stress and thermal stress in the interface of graphite and copper, and 
promoting the pregnancy and expanding of crack in the interface. In Fig.4b and c, the microcracks exist in 
the subsurface of copper matrix and have an angle with the friction direction. According the theory of 
tribology, while the tribo-mates slide each other, the surface would generate plastic deformation under the 
effect of normal pressure and friction force, and meanwhile, a large of dislocation generates in the surface. 
With the friction and wear continuing, the dislocation moving, and piling at the metallic inclusions and 
the second partials, the microcracks nucleate and expand, which result in partial fracture in surface. To 
sum up, the cracks of grounding pad prepared by powder metallurgy include the cracks which generate 
and expand in the interface between the graphite and the copper, and the cracks which generate in the 
subsurface of copper matrix. The wear mechanisms are mainly abrasive wear and surface fatigue. 
(a)                                                        (b)  
(c)
Fig.4 SEM photos of subsurface of grounding pad: (a) cracks between the graphite and the copper matrix; (b) and (c) 
microcracks exist in the subsurface of copper matrix 
F
riction direction 
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    Fig.5 shows that the XRD spectrums of grounding pad before and after applied. It can be seen that 
there is additional phase copper oxide (CuO) expect graphite and copper, which means that the grounding 
pad oxidizes in the process of friction, and this is consistent with that of Fig.2 and Fig.3. The oxide 
dynamics derive from the frictional heat, resistance heat and arc heat. 
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(a) before friction                                                  (b) after friction 
Fig.5 Spectrums of surface before and after applied: (a) before friction; (b) after friction 
4. Conclusion 
  1) The main wear failure mechanisms are abrasive wear and surface fatigue. 
2) The surface of the grounding pad oxides in the process of friction, and generates new phase of CuO. 
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